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Abstract The effect of water state of soil on cco-boundary over leaf surface was disscusscd by taking Populus 
davidiana as experimental material. The results show that to change soil water state by some methods was to adjust 
and control the forming quality of cco-boundary in fact. The plant in good water condition must be accompanied by 
thinner eco-boundary. This cco-boundary is beneficial to exchange and How of the substances between plant and en¬ 
vironment. 
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Introduction 

The water state of soil as an important index for 
plant management restricted directly plant productiv¬ 
ity. 11,1 Many reports discussed the process of the 
water absorbed by roots and transported to air by 
leaf. An Ohm's law analogy was frequently used to 
discuss water relation between the plant and the en¬ 
vironment. 14 ' 91 The water state of soil can be re¬ 
flected by the leaf water state,* 10 ' 13 * but few reports 
were found on evaluation of soil water by ecological 
boundary of leaf surface's.’ 141 The eco-boundary on leaf 
surface is a thinner air-layer which contacts closely 
with the leaf surface. This concept was summarized by 
Prof. Xiong Wenyu in I986.’ 15 ' The eco-boundary 
which was forced by the environment were selected 
and adjusted by physiological activities of plant’ 10 ’. 
The water motion in the eco-boundary was deter¬ 
mined by the united actions of environment and 
plant. Since the soil water influences physiological 
function of plant, the forming quality of eco- 
boundary can be controlled by changing water state 
of soil. 

Materials 

3-year-old Populus davidiana was used as experi¬ 


mental materials. Under culture condition, some of 
them were in obvious water stress and some were 
not. The intensity of water stress was expressed by 
soil water content (SWC)’ 17 ’. 

Methods 

Owing to stomata of leaf surface of Populus 
davidiana completely distribute over abaxial surface, 
the eco-boundary we deal with are limited to the 
abaxial surface. We measured the moisture concen¬ 
tration gradients on the abaxial surface at fixed posi¬ 
tion during photosynthesis. The distribution of mois¬ 
ture concentration was shown in Fig. 1. 

In Fig. 1. the abscissa expresses the moisture sam¬ 
pling distance which is vertical to the leaf surface, 
and the ordinate expresses, the moisture concentra¬ 
tion corresponding to any sampling position. The unit 
of the abscissa is millimeter and of the ordinate is mV 
(output voltage of micro-environmental humidity in¬ 
strument). The parameter 5 expresses the thickness 
of eco-boundary, which can be definited by moisture 
concentration gradients. Its unit is millimeter. 

Obviously, the forming quality of eco-boundary 
can be expressed by the parameters 8 and moisture 
concentration gradient) A C=Cj cn r C a j r ). When the 
eco-boundary is thinner and the moisture concentra- 
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tion gradient is greater, the leaf loses much more 
water by transpiration during photosynthesis. This 
indicates the eco-boundary has higher penetration. 
The eco-boundary benefits exchange and flow of 
substance between plant and environment and vice 
versa. 



Sampling distance (mm) 


Fig.l. Moisture concentration gradients in the eco-. 
boundary 


Of course, the forming quality of eco-boundary 
can be calculated by informational entropy of the 
eco-boundary structure. Now, we can consider the 
moisture distribution in the eco-boundary as a real 
physical field, then the field's informational entropy 
satisfies the formula 1 ' 8 ' 191 - 
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By the formula (3), one can see that the informa¬ 
tional quantity is decided completely by parameters 
8 and a. The informational quantity reflects united 
actions of environment and organisms to the eco- 
boundary. When water state of soil changes, it will 
influence the forming quality of eco-boundary. By 
measuring 5 and a and calculating information quan¬ 
tity H, we can evaluate the forming quality of eco- 
boundary and determine the water state of soil. 

In the experiment we used the micro¬ 
environmental humidity instrument to measure the 
moisture concentration in eco-boundary. We used an 
adsorbent to adsorb the moisture in the boundary. 
The adsorbent was a mixture solution by acetic acid 
potassium and acetic acid sodium. The adsorbent 
was laid on platinum probe of the instrument, then a 
drop about 0.3 pL was formed. When the drop ad¬ 
sorbs moisture, its conductance will change. When 
moisture increase in the eco-boundary, the conduc¬ 
tance of adsorbent solution decrease and output 
value(mV) of the instrument rise. The instrument we 
used can measure humidity from 40% to 100%, and 
the sampling precision is 1 mm. 

Results and Analyses 


For one dimension, if we use the regressive equation 
y = ba 0 < a < 1 (2) 

to express the distribution of moisture concentration 
in the Fig.l, the eco-boundary's informational quan¬ 
tity would be 


The experimental results were shown in Table 1. We 
measured the averaged opening area of stomatal by 
ESM. 


Table 1. The relation between the soil water and the eco-boundary 


Samples 

Soil water content 

(%) 

Measure time 

Stomata! opening area 

(pm) 

Eco-boundary thickness 

(mm) 

Parameter 

a 

H 

(nat) 

Wale stress 

5.0-6.0 

6:00 a.m. 

10 

7.0 

0.973641 

1,95 



10:00 a.m 

0 8 

4.2 

0.991783 

1.43 



14:00 p.m. 

0,2 

5.8 

0 980884 

1.51 

Water sufficient 

11.0- 13.0 

6:00 a m. 

0.7 

16 2 

0 972531 

2,78 



10:00 a.m. 

116 

4.0 

•0.992614 

1 38 



14.00 p m. 

10.3 

4.6 

0 986340 

1.53 


At early morning, the opening area of stomatal for 
the plants on which the water stress does not occurr 
is smaI!er(about 0.7 pm 2 ) becouse of low sun light 
radiation, great humidity. The moisture concentra¬ 
tion gradient is smaller and the eco-boundary is 
thicker about 16.2 mm. The informational quantity is 
2.78 nat. For the plants that have obvious water 


stress, the opening area of stomatal is bigger, the 
eco-boundary is thinner, and the boundary informa¬ 
tional quantity is about 1.96 nat. 

At 10:00 a.m., as the sunlight radiation and tem¬ 
perature increasing and humidity decreasing, the 
stomatal opening is the biggest for the plants with 
sufficient soil water. The moisture concentration 
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gradient is the greatest also, and its boundary is the 
thinnest (about 4.0 mm) in daily change. This thin¬ 
ner boundary has a small resistance to water flow 
from leaf to air and has greater penetration. But, the 
stomatal opening is smaller for the plants with water 
stress, and its eco-boundary is also thicker. 

About 2:00 p.m., the sunlight tradiation and the 
environment temperature reach the highest value, 
and the humidity is the lowest. The stomatal opening 
is still bigger for the plants with sufficient soil water 
and its boundary is thinner with greater penetration 
though the plants is in rest. But, for the plants with 
obvious water stress, its stomatal opening is almostly 
close. The moisture concentration are decided by the 
cutile evaporation and diffusion, so the moisture 
concentration gradient is smaller, the eco-boundary 
thicker, and the boundary resistance is greater. 

Conclusions 

The soil water states has close interrelation with the 
ecological boundary on the leaf. We can change the 
soil water states by some mesures to control and 
adjust the eco-boundary forming quality. The water 
states will control and adjust the substances ex¬ 
change between plant and environment. The more 
sufficient water the soil has, the better the forming 
quality of eco-boundary is on leaf. This situation 
benefits the exchange and flow of substances be¬ 
tween plant and environment. 
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